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p2tiaranS a entire aCCUratelY St3te ' SUCh as 

and n wor k jng the P± "° aCtUat "' and <=o improve reliability 

efficiency in abnormality judgment. 

f°^° N ; A det fction point 6 is provided in the middle of 
a conduction path 11 

eLcjrxcally CkS ^ ^ ^ °' ^ aCtUat ° r which ^ 

connected in parallel and being used under the same 
environment conditions, and 

a battery 51 is connected via a switch SW. A battery 
voltage is applied to the Y 
piezo stack PI via the detection point 6, voltage at the 
detection point 6 when 9 tne 

charge accumulated in the piezo stack PI i s recharged to 
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the piezo stacks PI 

and P2 is detected by a voltage monitor circuit 7, and the 
abnormal state such 

as the partial and entire burnout in the piezo actuator is 
detected based on 
the detected result. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

prIdset° Cmnent beCn tranSlated by computer - So the translation may not reflect the original 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention! 
[0001] 

[The technical field to which invention belongs] this invention relates to the malfunction detection 
equipment which detects the abnormalities of the piezo actuator applied to the piezo injector of an 
internal combustion engine etc. J 
[0002] 

[Description of the Prior Art] Since the piezo actuator using the piezo electric crystal expanded and 
contracted by impression of voltage is excellent in a high response at a controllability, use of the driving 
gear for vehicles, for example, the injector of a piezo drive formula etc., is considered from before 

eS^M^ t0 V6hiCleS r6gUlati0n ° n ^ ° ther W in feCent yearS ' k is a Vehicles loadin 8 

SpT 3 9of f77A Shing a malfu f u ction / etection circuit in the d ™S &™ of a piezo actuator is indicated by 
JP,1-202177,A, concerning the safety practice to the high voltage of a piezo actuator. When the charring 
current or the discharge current which flows for a drive current path at the time of the charge and § 
discharge of a piezo actuator is detected and these charging currents or the discharge current has not 
reached predetermined level, this malfunction detection circuit judges that it is unusual, and as high- 
voltage generating operation is forbidden or it performs an unusual display, it is raising the reliability of 
equipment at the time of malfunction detection immunity oi 

[0004] 

Jn^^??£ *f SOl T d by , the InVenti ° n] HerC ' SinCe the pi6Z ° aCtUat ° r has the structoe where came 
to carry out the laminating of two or more piezo electric crystals through the electrode, and parallel 

connection of many capacitive elements was carried out electrically, it has the failure mode (a part is 

disconnected) from which it disconnects inside a layered product and the total capacity changes 

Therefore, if this is detectable m distinction from all open circuits of a piezo actuator or a wife open 

mf)0 U S l Fn ""I 1? tlr T eff ° rt WWch S P eciflcation of abnormalities takes to cut down sharply. 
[0005] For example, when the above-mentioned conventional method of detection is applied, a small 
current threshold rs set as the grade which can judge an open-circuit state in part, and iUs possible to 
judge an open-circuit state in part as compared with this set point. However, even if it had not 
disconnected the piezo actuator, it had the problem that it was difficult to attach distinction with the 
capacity change by open circuit, and the capacity change by the environmental factor in part, and there 
was possibility of an incorrect judging from having the property that the total capacity changes oy 
mnJJf ? I f °P eratm S environments, such as temperature and a pressure. 

[0006] this invention was made in view of the above-mentioned actual condition, and the purpose 

l^^^^^f^ eq r me u nt of a detectable P iezo ac ^tor with a sufficient precision 
for the state of abnormalities [ a part ], such as an open circuit and all open circuits, inside a piezo 
actuator, and is to improve the reliability and the workability of an unusual judging. 

[Means for Solving the Problem] It is equipment which detects the abnormalities of the piezo actuator 
expanded and contracted by invention of a claim 1 having the structure which carried ouUhe lamtaL 
of many piezo electric crystals, and charging or discharging by driving means. While forming two or 
more piezo actuators which parallel connection is electrically carried out and are used by the same 
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environmental condition A detection voltage impression means to connect with the detecting point 
established in the middle of the energization path from the above-mentioned driving means to two or 
more above-mentioned piezo actuators, and to impress the constant voltage for detection to one side of 
two or more above-mentioned piezo actuators through this detecting point, After impressing the constant 
voltage for the above-mentioned detection from the above-mentioned detection voltage impression 
means to above-mentioned one piezo actuator through the above-mentioned detecting point, A voltage 
monitor means to detect the voltage of the above-mentioned detecting point when carrying out the 
recharge of the charge accumulated at above-mentioned one piezo actuator to above-mentioned one 
piezo actuator and the piezo actuator of another side is established. And based on the detection result of 
the above-mentioned voltage monitor means, the state of the abnormalities of the above-mentioned 
piezo actuator is detected. 

[0008] If the recharge of the charge of the specified quantity charged by above-mentioned one piezo 
actuator from the above-mentioned detection voltage impression means is carried out to two or more 
above-mentioned piezo actuators by which parallel connection is carried out, a charge will be 
redistributed according to each capacity. Since the total capacity will change if it is determined 
according to the total capacity of two or more above-mentioned piezo actuators and the above- 
mentioned piezo actuator has an open circuit or all open circuits in part, the voltage between ends of two 
or more above-mentioned piezo actuators after a recharge can distinguish and detect abnormalities of the 
above-mentioned piezo actuator, such as an open circuit or all open circuits, in part by detecting the 
piezo actuator voltage after a recharge as voltage of the above-mentioned detecting point. Moreover, 
since two or more above-mentioned piezo actuators are installed in the same environmental condition, 
an unusual judging can be performed in a high precision with sufficient workability, without being 
influenced of environmental conditions, such as temperature and a pressure. 

[0009] Like a claim 2, specifically, two or more above-mentioned piezo actuators can be made into the 
same structure, and the abnormalities of the piezo actuator of another side can be detected by using 
above-mentioned one piezo actuator of them as the piezo actuator for reference, and — if it will judge 
with having no open circuit if the voltage detected with the above-mentioned voltage monitor means is 
+B/2 and is more greatly [ than +B/2 ] smaller than +B, when the constant voltage for the above- 
mentioned detection is set to +B — some piezo actuators of above-mentioned another side ~ it judges 
with an open circuit, and if it is +B, it will judge with all open circuits or wiring open circuit of a piezo 
actuator of above-mentioned another side 

[0010] If the piezo actuator of above-mentioned another side is normal when the above-mentioned piezo 
actuator for reference is the same laminated structure as the piezo actuator of above-mentioned another 
side, the voltage detected by the above-mentioned voltage monitor means will be set to one half of the 
above-mentioned constant voltages. If a part of piezo actuator of above-mentioned another side is 
disconnected, in order that an actual capacity may decrease, the voltage detected becomes larger than 
one half of the above-mentioned constant voltages. Moreover, if the piezo actuator of above-mentioned 
another side is all disconnected, the voltage detected will not change with the above-mentioned constant 
voltage. Therefore, the existence of abnormalities can judge with a sufficient precision by comparing 
with these values and the detected voltage. 

[001 1] Or the case where both two or more above-mentioned piezo actuators are abnormal can also be 
taken into consideration like a claim 3. When two or more above-mentioned piezo actuators are made 
into the same structure and the constant voltage for the above-mentioned detection is set to +B, If the 
voltage detected with the above-mentioned voltage monitor means is +B, it will judge with all open 
circuits or wiring open circuit of a piezo actuator of another side at least. + If smaller more greatly than 
B/2 than +B, a part of piezo actuator of above-mentioned another side will judge with an open circuit at 
least. + Judge with it being the same, if it is B/2 — having no open circuit or above-mentioned one piezo 
actuator, and the piezo actuator of above-mentioned another side — a part — an open circuit ~ the 
amount of open circuits - If smaller more greatly than 0 than +B/2, a part of above-mentioned one piezo 
actuator will judge with an open circuit at least, and if it is 0, above-mentioned one piezo actuator will 
judge with all open circuits or a wiring open circuit at least. 

[0012] Since the constant voltage for the above-mentioned detection is not charged by above-mentioned 
one piezo actuator abnormalities, for example, when there is an open circuit in part, the voltage detected 
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by the above-mentioned voltage monitor means becomes smaller than one half of the above-mentioned 
constant voltages. In all open circuits or a wiring open circuit, the voltage detected is set to 0 moreover 
some at above-mentioned one piezo actuators and piezo actuators of above-mentioned another side - ' 
when the amount of open circuits is the same, one half of the voltage values of the above-mentioned 
constant voltage are detected There will be abnormalities which it mentioned above to the piezo actuator 
of above-mentioned another side at least when the voltage detected was larger than one half of the 
above-mentioned constant voltages. If it does in this way, the unusual judging of two equivalent piezo 
actuators can be performed simultaneously. 

[0013] Suitably, two or more above-mentioned piezo actuators shall be built in two or more piezo 
injectors formed m the internal combustion engine like a claim 4, respectively. Since the piezo injector 
installed m an internal combustion engine is in an equal environmental condition, the above-mentioned 
unusual judging can use suitably. Moreover, workability, such as out-of-condition investigation of an 
internal combustion engine, improves greatly by applying this invention to the piezo injector which has 
the piezo actuator of a large number equivalent to the number of cylinders 
[0014] y 

[Embodiments of the Invention] The form of the 1st operation which applied this invention to the 
malfunction detection of the piezo injector in which it is prepared by the common rail fuel injection 
equipment of an engine hereafter is explained. Drawing 1 is the whole drive control-system block 
diagram of the piezo actuator built in a piezo injector, and it is equipped with the malfunction detection 
equipment of a piezo actuator so that it may mention later. Since PI and P2 express among drawing the 
piezo stack which constitutes the principal part of a piezo actuator and each piezo injector is connected 
to a common common rail (pressure accumulation piping), the piezo stack PI and the piezo stack P2 
have conditions, such as temperature and a pressure, in the same equal environmental condition In 
addition, since a piezo injector has the same simple number ********** as the number 0 f cylinders of 
an engine here, it shows only two (piezo stacks PI and P2) of them 

[0015] In diawing_l , the drive control section (ECU) 1 of the piezo actuator which is driving means The 
high-voltage generating circuit 2 which generates the high voltage impressed to the piezo stacks PI and 
P2, The switching circuit 3 equipped with the switching element for electric discharge for making the 
charge accumulated at the switching element for charge and the piezo stacks PI and P2 for impressing 
the high voltage generated in the high-voltage generating circuit 2 to the piezo stacks PI and P2 
discharge, It has the control circuit 4 which controls ON-OFF of the object for charge of this switching 
circuit 3, or the switching element for electric discharge. The series connection of the switching 
ITpi ^^is carried out to the piezo stacks PI and P2, respectively, and the piezo 

stacks Pi and P2 used as the candidate for a drive are chosen as them by carrying out ON-OFF control 
of the switching elements Tl and T2 for these selections. 

[0016] It is that the piezo stacks PI and P2 are circular or the thing which carried out the laminating of 
many piezo electric crystals, such as PZT fabricated to the rectangular tabular, and was unified, and + 
electrode and - electrode are formed by turns between piezo electric crystals. Drawing 2 is the 
representative circuit schematic of the piezo stacks PI and P2, and the piezo electric crystal (CI -Cn) of a 
large number which are capacitive elements has the composition connected in parallel electrically, and it 
elongates by pouring (charge of a charge, it contracts by removal (electric discharge) of a charge and it 
ZTi^n h %^ en f ln 8- and - cl0 7g. ^ive of the piezo injector. If a charge signal oran electric JL harge 
signal is outputted from a control circuit 4, the object for charge or the switching element for electric 

Sp? a vTt g C1 -I Ui l 3 WiU ^ ° n ' and Charge ° r dectric dischar S e wil1 be made by the piezo 
stacks P 1 and P2 chosen with the switching elements Tl and T2 for selection 

K ] J WO ° r Swit + C ^ T th .° d Which Switches S radual ly> ^ example and performs charge and 
discharge is used for switching. In this method, a control circuit 4 starts charge, when the rising edge of 
an injection signal (for example, 0-5V square wave signal) is detected, it turns on the switching element 
Zt lf switching circuit 3, and charges the high voltage which carried out the pressure up in the 
high-voltage generating circuit 2 at the piezo stacks PI and P2 for a drive. Then, if the charging current 

ndtt wM! P ™f (f ° r 6Xample ' 2 ° A) ' the Switchin S element for char ge will be turned off 

and it will repea turning ON again in a fixed OFF period (for example, 1 0 microseconds). And if 

predetermined charge voltage (for example, 100 V) is reached, OFF fixation of the switching element for 
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charge will be carried out, and it will consider as the completion of charge. 

[0018] Subsequently, detection of the falling edge of a control signal starts electric discharge. First, the 
switching element for electric discharge of a switching circuit 3 is turned on, and the charge charged by 
the piezo stacks PI and P2 is emitted. If the discharge current reaches a predetermined value (for 
example, 20A), the switching element for electric discharge is turned off, and it repeats turning ON the 
switching element for electric discharge again in a fixed OFF period (for example, 10 microseconds). If 
charge voltage reaches zero, OFF fixation of the switching element for electric discharge will be carried 
out, and it will consider as the completion of electric discharge. 

[0019] In this invention, in order to perform malfunction detection of the piezo stacks PI and P2, a 
detection voltage impression means 5 to impress the predetermined constant voltage for detection (+B) 
to one side of the piezo stacks PI and P2 is established in the drive control section 1 . The detection 
voltage impression means 5 has the battery 5 1 connected through Switch SW at the detecting point 6 
established in the middle of the energization path 1 1 from the switching circuit 3 to the piezo stacks PI 
and P2, and impresses battery voltage (+B) to it through this detecting point 6 at one side of the piezo 
stacks PI and P2. Moreover, in order to know the voltage between ends of the piezo stacks PI and P2 
when carrying out the recharge of the charge which did in this way and was accumulated at one side of 
the piezo stacks PI and P2 to both piezo stacks PI and P2, the voltage monitor circuit 7 as a voltage 
monitor means to detect the voltage of the detecting point 6 is formed. 

[0020] Next, the operation of the malfunction detection equipment which consists of a detection voltage 
impression means 5 and a voltage monitor circuit 7 is explained. Here, timing which carries out 
malfunction detection is taken as the period (period which has the object for charge and the switching 
element for electric discharge of a switching circuit 3 in an OFF state) when injection of a piezo injector 
is not performed. Moreover, the piezo stack PI shows the case where the existence of the abnormalities 
of the piezo stack P2 which the normal thing shall be checked and serves as a piezo actuator for 
detection (piezo actuator of another side) considering this as a piezo actuator for reference (one piezo 
actuator) is detected, as a temporary prerequisite here. 

[0021] First, the switching element T2 for ON and selection is set to OFF, Switch SW is set to ON for 
the switching element Tl for selection, and battery voltage (+B) is charged at the piezo stack PI . 
Subsequently, Switch SW is turned off, the switching element T2 for selection is turned on (the 
switching element Tl for selection is considered as as [ of ON ]), and the charge currently stored in the 
piezo stack PI is emitted to the piezo stack P2. If the piezo stack P2 is not disconnected at this time, 
since capacity serves as double precision by the above-mentioned operation, the voltage by which a 
monitor is carried out in the voltage monitor circuit 7 is set to +B/2. Moreover, since capacity will 
become 1 .5 times by the above-mentioned operation supposing an open circuit arises in part like 
d raw in g 3 inside [ piezo stack P2 ] composition of having carried out parallel connection of the 
capacitive element, for example, capacity becomes half, the voltage by which a monitor is carried out is 
set to +Bx2/3. Moreover, if the piezo stack P2 serves as all open circuits or a wiring open circuit, since 
there will be no discharge of a charge, the voltage by which a monitor is carried out does not change 
with +B. 

[0022] Correspondence of this monitor voltage and a piezo stack P2 open-circuit judging is shown in 
Table 1. thus, the thing of two or more piezo stacks which it uses as an object for reference on the other 
hand (piezo stack PI), and is done for the monitor of the voltage ~ the unusual judging of the piezo 
stack P2 of another side ~ easy ~ it can carry out ~ a part of piezo stack P2 — an open circuit is 
detectable in distinction from all open circuits or a wiring open circuit Moreover, by carrying out the 
equal piezo stack PI of an environmental condition to reference, the influence of an environmental 
condition can be eliminated and reliable unusual judging equipment can be realized. 
[0023] 



[Table 1] 


(V) 


P2 




+B/2 




+B/2-+B 




+B 
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[0024] In addition, although the form of implementation of the above 1st explained the case where 
malfunction detection was performed on the assumption that the piezo stack P 1 is normal, as it is shown 
as a form of the 2nd operation below, in consideration of possibility that abnormalities are in the piezo 
stack PI, an unusual judging can also be performed below. 

[0025] In the form of implementation of the above 1 st, when the switching element T2 for ON and 
selection is set to OFF, Switch SW is set to ON for the switching element Tl for selection and battery 
voltage (+B) is charged at the piezo stack PI, the charge Ql charged by the piezo stack PI is expressed 
with Ql=Clx+B. When this charge Ql turns off Switch SW and subsequently turns on the switching 
element T2 for selection V:monitor voltage, the capacity of the CI :piezo stack PI, C2 since a recharge is 
carried out to a synthetic capacity of the piezo stack PI and the piezo stack P2 : if it is piezo stack P2 
capacity It is set to Ql=CTx+B=(Cl+C2) xV, and the general formula of the monitor voltage V is as 
follows. 

V=+Bx (C1/(C1+C2)) 

[0026] From the above-mentioned general formula, or there is no open circuit in part in both the piezo 
stack PI and the piezo stack P2, when the amount of open circuits is the same, it is C1=C2 and is 
V=+B/2 in part. When it is C2=0 (the piezo stack P2 is all open circuits or a wiring open circuit at least), 
moreover, V=+B, When it is C 1=0 (the piezo stack PI is all open circuits or a wiring open circuit at 
least) and is V= 0 and C2<C1 (the piezo stack P2 disconnects a part at least), +B/2<V<+B, When it is 
C1<C2 (the piezo stack PI disconnects a part at least), 0<V<+B and a bird clapper are known. 
Correspondence of this monitor voltage, the piezo stack PI, and P2 open-circuit judging is shown in 
Table 2. 



[0027] 
Table 21 


(V) 


P1.P2 wmm 


+B 




+B/2-+B 




+B/2 




0-+B/2 




0 





[0028] Thus, malfunction detection is possible not only about the piezo stack P2 but the piezo stack PI, 
and the case where the piezo stacks PI are an open circuit, all open circuits, or a wiring open circuit in 
part at least can be detected with a sufficient precision from the monitor voltage detected in the voltage 
monitor circuit 7. 

[0029] From the above thing, if the malfunction detection equipment of this invention is used for engine 
out-of-condition investigation of a commercial scene etc., all open circuits can perform easily detection 
of the piezo injector disconnected in part at least, and exchange from the first. Moreover, all piezo 
injectors are normalizable with the work habits of performing malfunction detection again combining 
one of the piezo injectors which remain, using the normal piezo injector after exchange as a piezo 
actuator for reference. Therefore, investigation / exchange work of a piezo injector can be done 
efficiently, and a work man day can be cut down sharply. 



[Translation done.] 
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mspt^^mx-m.^ix^ms.ifi. +Bx-$>tm^ 
§ i*h&>>%: <ti> immnco txyr ? * ji-^' 

-gBNISSfc-WSgU +B/2X'&ix\mm:L&rz\±±. 

T^f-^x-^^i-gPTOTBrMilBltt^JSt. 0J: 
0^:% < + B/2 J; WU3y*&< t b±m-J}<r> 
tfxyr^^-AX-^^--gi5ffiT^fc^t. o-e&inf 
^< t *>±sa-*-c7)txyr^^-AX-^^iBf^i 

[0012] xia-^txyT^^-AX-^tc^. 
m»— sra«fc&%**&(ci±. ±ia^aiffl^«ffi&« 

ffiiOf:^* ±ta— J^tx/r^fax-^ 

±fase*ffim/2^iitEMawj2*L&. 

2o<7)tfxyT^^ ^x-^Olt«g£|E0l§fcfi : d i 
[0013] jMCIi M?m4<?) J: d (c. ±1B3SS«D 

30 txyr^^-AX-^*^ ^ara^fi-feaic^tx 

V>f > > J*7?lzZtL?tiftm%ti&i><r>t-f&„ f*im 

mmizimzti&ttY'i y&x. ? ?iiwv^m*mflr 
iz$>&cr>x\ ±Mm&m%&imizf\mx'& 
mm\zwm^&%m>^VT9^^-?*^h 
txy-r y^-x vtizipm&mm-h z. t x\ mi 
m&F3mt&9)mm/ftcs < Wit- * . 

[0014] 

40 mftizMmLfcrnicommmmiz^xmrnti* ® 

x-^«|g|j)$iJ^imw^*ffi)t0T'. ^T-&±d^t" 
xyr^^^x-^c?)MS^aigs&{ixTv^ 0 s 
pi. P2{4. t°xyr^^-*x-^±^£« 

tx/X ^ y ^ ^ L . # ei/-f y Sot ^ 

ex/x^7^p l fcexy^^'^p 211 i&g 
xy-f yy's ^ ^{ixy i/>c?)M©iiJ: |b| tm&li&ti 



(4) 

5 

^•y?Pl, P2) CO^^^LT^S, 

jLX-^MIIflspSfl (ECU) 1 J2: , fXVX ^ -y 

?pi. p 2\zm\ft%mn&*%!£f%mn£mm 

$&2t. «mffiMiIii&2T«^Sis^£t°xyx 

itftfxyx^ ? p l . p 2 fcSiSix*:®? 
£^£*£*:#><7>;8tSfflx-f 7fy/ff*Ii^x 

£fci;i;Bt«fflx4 -y ^s-?oo N — OF f 10 

2,®m®$&4:*mz-x^?>. txyx^-y^pi. P2 
-eti^f-uiMRfflx-* y^>vmi'Ti^ T2*m 
mmmznxx o . zti&mmmxj >y ^y^st^ t 

1. T2^0N-OFF®Jffll-rSii:(:J:^T«lM^ 
b%h tX/XJ- y ? P 1 , P 2#SSK£*L& „ 
[00 16] tfXVX^y^Pl. P2(l Hi&tftti 

f &&nm.mzf$M lkpz Tmcr>mmz$>mmm vx 

fiWi£$tl2>» 02fcL tX'/^^PK P2^ 
fiaMElT. ^Sffi^-Cfc ^.^Offttfr (Cl-C 20 

X^f -y^-V^W3«36SBB*fcJ*ttSfBx-f -y^-y^ 
3R?j&* ONU jWHX-f -y *f-y rmTT 1 , T 2 Tja 
«5**Ut KXVX. ?-??PK P 2 t^Hi^JiJBcm* 5 

[oo 1 7] x>f yf-y^c{i. «itr. KPgWKx-f 
X^7fy/*f^ONU v Kmff^®S&2T'»jE 

L)tismiE&iBi!i*r^tx>/x^ y ? p u P2tas 
^oFFiara (Mx.{fio/is> a. Bt^oNfcrr*^ 

V) fca»Lfc&. 3EW3X-f >y^-y^*^OFF|a 40 

[00 18] <X^X. (Wi#0±%T* I 9xyS''*W 
asS*i6k«S£*B»W-S. *i\ x-f .y^yi7-|i]S&3 
<7>$*fflx4 vf-yfmF?-* onu. bxyx^ v ? 
PL P2fcas8S*LTV*fc®fr£l^-r4. 
sWKSglt ( Witf 2 0 A ) bfc ^StWBX>f -y 
f^tOFFU -£tf)OFFffla (Hx-fitt Oju 

s ) mzmtwrnm^ v*yrfgf-*oni£thz.t 
f-y^fg^oFFH^t, iSc^Tfc-r^.. so 
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[0019] :*8WrCttx tfxVX^ ^Pl. P 2c0 

3 mmmmimz. tx/x^ 
>y ? p i . p 2<?>~^\zm)&m<mfe<F>5im.B. ( + b > 

^Epi^^ft5«EEpjn#S5^^ftTV^ 0 ^mmff 

EPJn^a 5 x^ >y 3 exvx? -y ? 

P L P 2'vcOiifflSSI 1 1 cr>i£Wzlkl1rtz1klii£,6 
(£. X-f 7f-SW£^LT«r£^-yTl> 51W 

U i^itii[6Htttxyx^7?Pi , P2o- 
^^yf'JlS (+b) £EMn-r-£>* i«J;d 
tcUt°x/x^ 7?PU P 2fi0— 3r£^ft3*u£« 
tfxyx^ y^Pl, P2(DnMzm£ML?m 
cr>t°zcyx? 7?P1. P 2 (mWffiW±£%l2>fd!b 

[0020] mz^ mmsmia^5 tmm*:-?® 

m&ftt vx . f xyx^ y p 1 immx$> z>zt& 
mzztix^&i>c?)tL. c\ti^mm^VT^^jL 

tfxyr^^-j.x-^ (flfii-^trxyr^f-^-x— ^ ) 

fc=5:?»b°xyx^ >y^ P2coltScD*te£&ai-t.&%& 

[002 1] SifflX^7fyy'ffTUO 
N. Sf?ISX^-y^y^*^T2&OFF. X-f -y^S 
W&ON h°xyx^ y ^ P 1 t^-v-y-r 'JSff ( + 

B) &~tEMi-&. &\,^X\ X-ivfSW^OFFL ® 
^fflX^f 7f>/'ffT2jON bT (^fflX-f >y^ 

y^* : fTitiONco^at-r&) . txyx^7?p 

1 IZW*. btiX^fzWffiZ: txyx? v?P2 iztkm~t 

%>„ i«n§. txyx?v?P2>!«iLTv^m 

*?v?P2f*iMX'-msimt>^K. mta. mm-^ 
mz^^fzt-rt t . ±mrnuz x o^a«± 1 . smb 

=St*!tft. t~^S*t*«EB4. +Bx2/3tW. 
b°xyx^ -y^ P2^®?|gi^± , 7-f -vu y^ 

[0022] <T ft^-fm&b b'xyx^ 7 P 2»r^ 
^JS^JB^lfe^t. ZcoXolz^ awfxyx 

^ >y ^<?)— U ( tX/X^ -y ^ P 1 ) ^#Bgfflfc LXm 

*K f-f&Zb"?^ flfe^rotxyx^ -y 

^ p 2<7)m%;'pm.z&mzft o c fc^'T'^ . t°xyx^ 
Lx^ffiX'&?.» i^^fincxyx^7 
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?pi zmmt-t&z.tx\ 

ho 

[00 23] 

imi i 



8 



M 




+B/2 




+B/2-+B 




4-B 





[ o o 2 4 ] ssrtj . jjsm i «gat0>jrarci4» exy 

ffo^iz^xmmLfziiK exyx^^p i 
sw%4iinett*#*u jaTK^2«sai»«wi: l 

[0025] JrlESi 1 tfDggHWHKBfciSVvc. SKftffi^ 
2&OFF,^7fSWjONtL, tx/^v^ 

PlfcrCy-rUWEC+B) fcasBLfcifrfc. trxyx 
^•y?Plfc5tm$^3t«#Ql{4. Q1=C1X + B 



fci 9 , txyx* -/ ? p l trA^ >/ ^ p 2cd^- 

1 : b°.xyx^ -y ^ P 1 OWM. C 2 : b°xyx >y ? 
P2^«fcfSt. 

Q1=C1X4-B=(C1+C2) XV 

V=+BX (C1/(C1+C2) ) 
[0026] ±!B— ffi*5fc&^ tX/X^ -y^PUt 

2-Cfc^. C2=0 (^&<k&t"xyx^y? 

p 2 ^mms. fd,±v -i-vu >?mm ) <m \t v = + 
b . c i = o (^< t *> exw 7?pi #:£Ki§i 
^^{xW-vyy^Br^) <?)B#i2v=o, C2<ci 
(i!*Sr< fc itfxyx^ v 9 p 2*>'-gPBr^) <?)W{i+ 

B/2<V<+B. CKC2 (^<fci)ex/X^ 
7?P1*5- ggWrHD «l§{x0<V<+Bt^^ii:^' 
ttfrl. iW^ffftexyx^-y^PK P2Bf 
20 ^fJ^MJt5^^2fc^-r„ 
[0027] 

[i£2] 





P1P2 


+B 




+B/2-+B 


iJwEKtfc P2 *fa$y jhww 


+B/2 




0-+B/2 




0 





[0 0 28] -T^idfcLT. Vx.yx?<y?P2(?)fr 
&£>-f . Kxy** y ^ P 1 ^P^fU^Tfrtg 

3r< fc i> tfxyx^ -/ ^ P 1 j&s-^ffif^. ^fe 
Kite 3fclir7-f -V U ^^Br^T'^S^-^ . fstJ: i < fcfe 

arcs*. 

[0029] ja±«i t j6»6. *%BJ!coM^tl}^M 

TtiJ©c?>xyi;^>FPi^^tcfflv^tttf. ^KrUitxfc 
t ± *) . ^< fc *>-i«g LX^Z> tfxy-f >-^'x^ 

txy-f yy s ^ txVr ? f^x-? k L 

tjbvv a-^fxy^o^'i^^coioiiffi^fc-^r 
B^M^ai^tf 3 1 v ^3 fNE#«t= J: "3 v £trxy>f 

[iaffi^ftf*»jj] 

[01 ] 3|^B»otfxyT^f-*x-^<7>S»ttaJ3af* 



[02] exy^^^«^Big»»r**. 
[IM3] txy^v^oH»»fiMm**tmc'* 
&. 

[^COl^HJ] 

pi, P2 trxyx^ y ^ ( tivT^fax-^ ) 

SW X>f >yf- 

1 jmofpac (ig»^> 

40 1 1 

2 \ 

3 v&wms 

5 1 rvyir'j 

6 ^tU^ 

7 (qHPt-^#g) 



(6) 
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[02] 



P1.P2 



TTTTTTTT, T IT 



[03] 



P2 



Cl[02[C3[c4.C6j.C6[cic8[ f Cn-iCn-i[.C 5 |_ 

T T T T T J T T , T T T 



